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Background: Endoscopic ultrasound (EUS) is an important tool in the evaluation of idiopathic
or recurrent acute pancreatitis and prior to high-risk endoscopic retrograde cholangiopancrea-
tography (ERCP), such as ampullectomy and sphincter of Oddi manometry. Linear-array EUS
provides detailed imaging of the pancreas in a non-invasive manner and can accurately identify
pancreas divisum in most patients.
Patient and methods: Linear-array EUS is used to demonstrate the normal pancreatic ductal
anatomy. Three clinical cases are then presented to demonstrate the endosonographic ﬁndings
in pancreas divisum. (1) A 64 year-old female with history of pancreatitis undergoes an MRI,
which shows an irregular calciﬁed area in the head/uncinate of the pancreas and pancreas
divisum. (2) A 55 year-old female undergoes EUS prior to ERCP for evaluation of sphincter of
Oddi dysfunction. Pancreas divisum is noted on EUS and later conﬁrmed with ERCP. (3) A 50
year-old female with abdominal pain undergoes an MRI, which shows a peri-ampullary cystic
structure and pancreas divisum.
Results: Pancreas divisum can be detected with linear EUS by the inability to follow the main
pancreatic duct (PD) from the major ampulla to the body of the pancreas, or from the relatively
hypoechoic ventral pancreas to the more echogenic dorsal pancreas. Often in cases of pancreas
divisum, the main PD can be seen merging with the duodenal wall at the minor papilla.
Conclusions: Linear-array EUS is an effective way to detect pancreas divisum, which is important in
the work-up of idiopathic pancreatitis and in deﬁning pancreatic ductal anatomy prior to ERCP.
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37Diagnosis of Pancreas Divisum1. Background
Pancreas divisum is the most common congenital
anatomic variant of the pancreas and is present in
10% of patients [1]. Pancreas divisum is often asymptomatic, but is thought
to be a cause of pancreatitis in some patients [1]. Pancreas divisum occurs when the ventral and dorsal
ducts fail to fuse during embryogenesis. Dominant
drainage occurs via the minor papilla [1]. ERCP is the gold standard in the diagnosis of pancreas
divisum, but is more invasive than EUS and is asso-
ciated with a signiﬁcant risk of pancreatitis.
EUS has been shown to have high accuracy in diagnosis
of pancreas divisum. This is important because diag-
nostic EUS is often performed to evaluate idiopathic
pancreatitis and prior to ERCP due to its minimally
invasive nature. Linear EUS has been shown in a retrospective analysis
to have a sensitivity of 95% and an overall accuracy of
97% for diagnosis of pancreas divisum, when the main
PD can be well visualized [2]. There is limited data comparing EUS to other imaging
modalities for the detection of divisum. The sensitivity
of MRCP in detecting divisum has been reported
between 44% and 60% [3,4]. A retrospective study
determined the sensitivities of the following imaging
studies for detecting divisum: multidetector CT
(15.5%), MRCP (60%), and EUS (86.7%). The sensitivity
of MRCP went up to 83.3% if the main PD could be
visualized and the study was being reviewed by an
expert radiologist [3]. A discrete sonographic border between the hypoe-
choic ventral pancreas and the hyperechoic dorsal
pancreas, can be seen on linear EUS in about 75% of
patients [5].
Certain endosonographic criteria have been suggested
for the diagnosis of pancreas divisum with endoscopic
ultrasound:
○ Inability to follow the main PD from the major
ampulla to the body of the pancreas.
○ Inability to follow the main PD from the hypoechoic
ventral pancreas, to the hyperechoic dorsal pan-
creas [2].2. Materials Aloka alpha 5 EUS processor.
 Linear echoendoscope (Olympus GF-UCT 140).3. Endoscopic procedure Case 1: A 64 year-old female with pancreas divisum
seen on MRI/MRCP.
○ The pancreatic duct is emerging from the major
ampulla and terminates in an irregular heteroge-
neous area with calciﬁcation.
○ It cannot be followed from the ampulla to the body
of the pancreas.○ The main PD is seen emerging from the minor
papilla.
○ The main PD is followed from the minor papilla into
the body of the pancreasCase 2: A 55 year-old female undergoing EUS prior to
ERCP for sphincter of Oddi manometry.
○ The main PD is seen above the common bile duct,
which is the opposite of what is seen with the
“stack sign” in normal anatomy.
○ The main PD can be followed from the minor papilla
across the echogenic border into the hyperechoic
dorsal pancreas, and into the body of the pancreas.
○ Subsequent ERCP with pancreatogram via the minor
papilla demonstrates the main PD, conﬁrming pre-
sence of divisum.Case 3: A 50 year-old female undergoes EUS due to
abdominal pain, abnormal liver tests. MRI/MRCP
demonstrated a 1.5 cm peri-ampullary cystic structure
(likely diverticulum) and pancreas divisum.
○ The common bile duct is followed into the major
papilla, which is somewhat obscured by artifact
from peri-ampullary diverticulum.
○ The main PD is not seen emerging from the major
ampulla.
○ The main PD is followed from the minor papilla into
the dorsal pancreas.4. Key learning points and tips and tricks Pancreas divisum can be excluded by:
○ Following the main pancreatic duct from the major
ampulla to the body of the pancreas.
○ Following the main pancreatic duct from the major
ampulla across the sonographic border from the
hypoechoic ventral pancreas to the hyperechoic
dorsal pancreas [2].The sonographic border between the ventral and
dorsal pancreas is not evident in all patients. It can
be seen in about 75% of patients [5]. The presence of a “stack sign” (the bile duct above the
pancreas duct as seen from the duodenal bulb) does
not rule out pancreas divisum [6]. This is evident in
case 1. Linear EUS allows visualization of the ampulla and the
ability to perform FNA if a pancreatic or ampullary
mass is found. MRI/MRCP does not offer these diag-
nostic capabilities and may have difﬁculty deﬁning the
ampullary anatomy. Linear EUS is an accurate method of detecting pancreas
divisum, and is less invasive and risky than ERCP. Based
on limited retrospective data, EUS seems to be more
accurate that CTand comparable (if not more accurate)
to MRCP in detection of pancreas divisum [3]. We suggest reporting the presence or absence of
pancreas divisum with every EUS examination. The endoscopist should carefully examine for the
presence of pancreas divisum when EUS is performed
for idiopathic pancreatitis, chronic panreatitis, unex-
plained abdominal pain, dilated main PD of unknown
cause, before intended ERCP, and when a break-off of
A.B. Sahakian, H.R. Aslanian38the main PD is seen on ERCP, in order to rule out a
neoplastic process (e.g. Pseudodivisum).5. Complications and risk factors Diagnostic EUS carries a low complication rate (0.3%),
with mortality rate of 0.06% [7].
○ Known complications of EUS include perforation,
pancreatitis, hemorrhage, and sedation related
complications.6. Scripted voiceoverVoiceover text
Pancreas divisum is the most common congenital anatomic
variant of the pancreas. It occurs in approximately 10% of
patients. It is caused by failure of fusion of the ventral
and dorsal ducts during embryogenesis. As a result,
drainage occurs through the dorsal gland via the minor
papilla.
In pancreas divisum, the dominant drainage occurs through
the minor papilla, rather then the major.
The ventral pancreas, shaded in blue, has a hypoechoic
texture with EUS. In a normal pancreas, the main
pancreatic duct can be followed into the more echogenic
dorsal gland.
Many consider pancreas divisum to be a cause of recurrent
acute pancreatitis, due to poor drainage at the minor
papilla. Linear EUS has been shown to have a high
accuracy in diagnosis.
EUS identiﬁcation of divisum may be important prior to
ERCP for ampullectomy or sphincter of Oddi manometry.
Suggested EUS criteria for diagnosis of divisum include:
inability to follow the main PD from the major ampulla to
the body of the pancreas, or inability to follow the main
PD across the sonographic border from the ventral to
dorsal pancreas.
Normal pancreas anatomy.
From the second duodenum we see the darker echotexture
of the ventral pancreas with the bile duct and the PD
emerging from the ampulla. The CBD should emerge
above the PD. We can follow the PD into the brighter
dorsal pancreas. It may be difﬁcult to follow the PD
continuously into the body of the pancreas in this view.
From the duodenal bulb. We are demonstrating the CBD
above the PD, which is termed “stack sign.” The CBD and
the PD then merge at the ampulla. The PD is followed
around the portal vein conﬂuence into the more
echogenic pancreas body. These ﬁndings allow us to rule
out divisum. Now we can follow the pancreatic duct back
into the ampulla.
We will review three cases of pancreas divisum.
Case number one. A 64 year-old female with history of
pancreatitis. An MRI/MRCP showed an irregular area with
calciﬁcations in the head and uncinate of the pancreas.
Pancreas divisum was incidentally noted.Voiceover text
The main PD is seen terminating in the minor papilla. We
follow the CBD, which terminates at the major papilla,
suggesting divisum. We also see this irregular calciﬁed
area in the head of the pancreas.
From the second portion of the duodenum we see the CBD
emerging above the PD. However, we are not able to
follow the pancreatic duct, which is terminating in this
irregular heterogeneous area with focal calciﬁcations. As
we move toward the body of the pancreas, we notice the
main pancreatic duct emerge from the minor papilla. We
follow the PD past the portal vein into the body of the
pancreas, identifying pancreas divisum.
From the duodenal bulb, we see our stack sign. This does
not rule out divisum. The main PD emerges from the
minor papilla, rather than the major. We follow the PD
around the portal vein into the pancreas body. We follow
the PD back into the minor, conﬁrming pancreas divisum.
Case number two. A 55 year-old female with chronic
intermittent right upper quadrant pain. EUS is performed
prior to ERCP for sphincter of Oddi manometry.
From the second duodenum, we see the PD emerging above
the CBD, which is a clue to the presence of divisum. We
can follow the main PD around the portal vein into the
body of the pancreas. From the duodenal bulb, we see the
PD above the CBD, which is the opposite of the normal
stack-sign. This suggests divisum. The PD emerges from
the minor, and crosses the border into the more echogenic
dorsal pancreas. We are following the PD around the
portal vein and into the pancreas body, and back into the
minor papilla, suggesting divisum. Subsequently, ERCP
with cannulation of the minor papilla demonstrated the
main pancreatic duct, conﬁrming divisum.
Case number three. A ﬁfty year-old female with abdominal
pain and abnormal LFT's. An MRI demonstrated a 1.5 cm
cystic structure adjacent to the distal CBD with debris,
likely a diverticulum. Pancreas divisum was incidentally
noted.
Here we follow the PD from the body into the minor papilla.
The bile duct terminates in the major papilla and we see a
duodenal diverticulum.
From the duodenal bulb, we follow the CBD into the major
papilla, which is obscured by a diverticulum with debris.
As we follow the CBD out of the major, we see the PD
below it. We see here that the PD has originated from the
minor papilla and moves toward the dorsal pancreas,
conﬁrming pancreas divisum.
Pancreas divisum can be excluded by following the
pancreatic duct from the major ampulla to the body of
the pancreas, across the sonographic border from ventral
to dorsal pancreas.
Clues to diagnosing divisum. The main PD may emerge
above the CBD. Or, the PD may be seen entering the minor
papilla.
We recommend that the presence or absence of pancreas
divisum be reported with every EUS performed for
pancreaticobiliary indications. A careful examination is
necessary in idiopathic pancreatitis, chronic pancreatitis,
unexplained epigastric pain, dilated main PD seen on
imaging, before intended ERCP, and when there is a
termination in the main PD in the head of the pancreas on
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ERCP, to differentiate between divisum and neoplastic
obstruction.
EUS offers advantages over other imaging modalities. It is
less invasive than ERCP and allows the ability to visualize
the ampulla and perform FNA, enabling exclusion of
pseudodivisum. In conclusion, linear-array endoscopic
ultrasound is a valuable tool in the diagnosis of pancreas
divisum.
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